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This invention relates to battery charg-
ing systems. and more particularly to an im:

proved system for recharging storage and

other rechargeable bhatteries employed as
B-hatteries of radio receiving sets, thongh
certain features of this invention are of more
eeneral applieation.

Because of the heavier drains and liicher

voltages required of the B-battery in some
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wpes of radio receiving sets, it has hreeome
desirable to emnloy a rechargeable battery,
such as a storawe battery, rather than the
usua! dry battery, for the source of B-bat-
tery current.  Such rechargeable batteries
are not especially popular with the average
racio set owner, partly because of the incon-
verience invoived in recharging them.

The present invention aims to provide a
charging svstem by means of which a storage
or other battery niay be readily charged from
the usaal house-lighting civenit and whereby,
when the battery is up to fully charged con-
dition. the battery charging current is auto-
matically substantially cut off or reduced to
a small Traction of what the charging cur-
rent is when the battery is in a partially
charged condition, so that but little skill or
attention are require:d in recharging the bat-
tery and the later may be caxily kept in fully
charged condition. A further object of this
invention ix to provide a charging system
that is particularly applicable to a storage
B-hattery in ¢ireuit with an andion detector
or a stage of amplifiention of a radio re-
ceiving cireuit. :

The above and other objects and the novel
foatures of the invention will he apparent
from the followine deseription taken in con-
neetion with the accompanying drawings in
which

Fig. 1 diagrommatically illnstrates a_por-
tion of a receivine eivenit and an associated
charzing svstem embodyinge this invention:
and ’

Fig. 2 i= o dingram ilustrating a wicdifi-
eation of this invention, -

Broadly speaking. the improved charging
arstom comurices o battery that is condue-
tivetr simotad tna comren af altornntine

e

'BATTERY CHARGING SYSTEM

1924.  Serial Fo. 723,050,

transformer or other means constructed and
arranged so that the charging current will
be substantial'y cut off at a predetermined
connter E. M. F. of the battery, desirably
that of the battery when substantially fully
charged. When applied to the circuit of an
audion detector or stage of amplification
using a B-battery and an A-battery, the
charging cireuit desirahly includes switch
means which in one position completes the
B-hattery and A-battery cireuits, and in an-
other position opens the A-battery circuit
and connects the B-battery across the charg-
ing means. ’ :

For the purpose of illustrating this inven-
tion, the improved charging system is de-
siemed for conneetion to the wsnal 110 volt
alternating current House-lighting circuit,
but its application is ‘of course not Lmited
to such source of current.. A storage B-bat-
tery or other rechargeaple battery may be
employed, the size and voltage of which may
vary and, as diagrammatically shown in Fig.
1 for example. may consist of 24 storage cells
in series desizned to provide a terminal volt-
age of about 47 volts when discharged and
about 53 volts when fully cliarged. Suitable
potential reducing means. such as a step-
down transformer T having primary and
secondary windinas T’, T’, must be con-
nected in eircuit between the 110 volt alter-
nating current snpply terminals L, I and
the terminals of the storage B-battery to ap-
propriately reduce the supply voltage to a
-alue near the battery voltage. The prima-
rv and secondary of the transformer T are
therefore wonnd so as to obtain approxi-

matelv a 2 to 1 reduction in voltage and the -

secondary winding T*’ is connected in series
circuit throuch a rectifier R with the battery.
Tn the present example. the transformer
windings are so propartioned that if the B-
hattery were practically discharged and had
a.terminal veltage of about 47, the secondary
voltaee of the transformer would be about

53 volts: and if the B-battery were fully

charged it terminal voltnge wonld be about
53 volts. Thus. the B-batiery would have a
eonnter T2 AL T snfficiently near the voltage
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sub':ta':tmﬂv cnt of the flow of charging cur-
rent i. e, urn'er nermal workine conditinne,

the counter E. M. F. of the battery when sul-
- stantially charced is ~ufliciert to practically
_balance tha impresced E. L F. of the charg-
= ingcorrent and autematic allv <t off the lat-
"L ter.
" course.drop after a current drain, w hereupon

The B-battery counter E. M. F. will of

charging will automatie; Iy resnume and con-
tinue until the cond: tion of bmm(‘e again
obtains,

Inasmich as an alternating mrrcrt _sup-

. PIY is used. suitable recti ifving means is re-
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quired-in series with the transformer sce-
ondary windine amd the B-lattery. A3
shown. an eleetrolytic rectifier R mav be em-
ploved to rectify the secondary enrrent andd
supply._ direet current for charging the hat-
tery. Various tvpes of clectrolvtic yoctiiiors
may be emploved. such oz theso diselosed in
an application Serinl No. 723.040 filed in mv
name and an application Q(‘n 11 No, 723,030
filed by Glen 1. Bfwlov and Frod T. Bow-
ditch.

As muctmted the B-battery is designed
to be included in the »late cirenit of one or
more vacuum or audion tuhes sneh ns N
which may be a dvte(tm- or an amplifving
tube. and ‘which has an A- battery. alout 6-
volt storage or other type. connected throueh
a suitable rheostat IT to heat its il -nn(-nt F
Tnasmuch as {he voltage of the char oing cir-
cuit and B-hatterv is often 100-110 and
higher, and invaviably greatly exceeds the
6-volts of the A-hattery f'hmont circuit. to
safeguard the filnment T, it is des‘rable to-co
arrange the control of the A-battery and B-
b..fter\ circuits that the A-batterv-filament
cn‘cmt qh'ﬂl alwavs be open when the chare-
ing cirenit is completed throvah the B-hat
tor,v. A convenient means for ineurine t]ns
comprises a donble-nole double-throw knife
switch S, The middle switeh terminols 10
and 11 connected (o the knife blades are re-
spectively connected by a conductor 12 to the
negative terminal of the A-battery and the
negative terminal of the B-batterv. and by a
conductor 13 to the positive terminal of the
B-hattery. The pair of saciteh terminals 14
and 15 are resrectively (-n'moctod by condve-
tors 16 and 17 to the filament T and to the
ear phones E: and the switeh terminals 18
and 19 are resnectively mnno(-*r-d thromeh
conductors 20 ane] 21 *n cories with the frane-
former secondary T’ ond the rectifier R.
-\Cf'nrﬂ'mrh'. “hon the cwiteh blades W are
in position to condetiv elv conneet the termi-
pale 10—14, and 1115, the Alattery and
D-lbotiory ava mnvw-hd n cirenit \wth the
LERRPEIRY X 4 I a “, n] o P (}f{ o 111] o .\r: w l”“o"-

T, w hen the switeh Bades T ¢lose the cir-

it YBetween 1he contacts ~0-] S and 1119,
fhn A-battery- ﬂl.\mmlt civenit i@ oprned and

the B-In Hox\ is connectet to the ebara’ng
civenit. The chare’ng of the B- battery will
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then proceed until the counter E. M. F. of the
B-hattery is substantially equal to or slichtly
exceeds the voltaze impressed by the charg-
ing eirenit at the battery termmals. vhere-
upon charging of the B-batie ory is atuto-
matically su b~t‘.nh'\ﬂ\' cut off. withonut the
necess'ty of- opening ‘the switch S to eleoe
tnm‘h‘ th\('onn(‘(t the chargine circntit from
the B- Ir"ttc"\' 3v this arrangzement the IL
battery may be conv ‘eniently ch.|r"ed with-
out removing it frnm the r.ulm receiving set
and withont special kil or close attention:
but the B- battery may nnt he c‘l'n"m] while
the A-hatterv-filament circu’t is clnkmi thas
})rotorhn'f the tnbe or tubes M. Moreover,
v switching off the A-batterv after e-uh
seriod of using the radio set and th(-n switch-
mgr the B- b.\ttvn' into the charsing circuit,
such B-hatter v may he readily Lopt practi-
cally fully (h.n‘"od ‘and in "nod wor kingr con-

dition for the next period of service. No is

it necessary to clectrically disconnect. the

alternating current supply from the rectifiery

which is advantareous in that it maintains
a current mmrosqod on the rectifier colls and
keens them in better condition;

The B-battery to be charged may be a stor-
age hattery of the ordm'u'v plate type or of
the type disclosed in an application Serial
No. (96,029, filed in my name. This battery
need not Le more th'm a 1 ampere hour baf-
tery for a radio receiving set requiring a max-
imum of 50 milli- -amperes current, and may
be fully charged in GO homs at a 20 milli-
ampere rate. " A smaller size B-hattery than
now genegallv used will thus be snflicient fnr
the nsnal redio sot and, when once ch-lr"od
a r-mmmr}tx\'el\ short period of recharzing
will subéantially replace the average dmu\

Other types of recharzeable b'ltter!m mavy
aleo be emv)lm ed in place of n storage hattory,
Tor example. dry cells. such as these having
zine 'mrI carbon electrodes and containing
ammonium chloride. zine ckloride and man-
gancse dioxide, anrl canstie soda cells such
as those having zine and conper oxide elee-
hodeq in a caustic soda electrolvte, have,
in a small dearee. the properties of a qto"‘\"e
cell. but not to sneh an extent that it is com-
mereinlly practicable to recharee these cells
under %o ordinary conditions. Ilowever. 3£
only g ~mall amount of the total capacity nf
a hattery of such cells § is neod at a time. as in
the average radio veeveiving set. a charging
deviee may he conneeted in cirenit therewith
according to this invention to replace such
small current drain. and a current efficien
may be obtained thereby which rendeors e
recharcing practicahle.

The B-bhatterv or other hattery ta %o
chareed may be nf a higher voltace than al-

endv indicated. in which event. the velt-
aze of the rectified current applied to the
battery ter mm'ﬂe by the chareing means
should be of such value that there will le
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a current flow into the battervy when it is
dixcharged, and the high coimter L. M. F.
of the charged battery sh:ould be of such value
that the charzing current will be sulstan-
tizlly automatically cut off thereby, without
clectrical disconnection of said battery from
the cuppiy of charging current. Where the
battery voltage consists of 48 ceils having a
voitage of about 2.2 or 2.3 volts each when

fuily charged, no transformer is reuuired
- when charging from a 110 volt alternating

- eurrent circuit, Lut the automatic shut-oif

- action will oceur in the same manner.

<0

How-

ever, in such arrangement, a suitable resist-

“ance is desirally inserted in series with the

battery and rectifier to P’mtcut the latier
against excessive current fiow while the {ilm
is forming therein after a period of idleness.
Such resistance may be similarly inseried in
the charging circuit employing a transform-
cr. Furthermore, the tran<former T may be
of the step-up type to deliver a higher volt-
age at the charging terminals 18, 19, when
a higher voltage storage Lattery is to le
charged, such storage battery similarly de-

veloping a counter E. M. F. when fully

charged that is suflicient to substantially cut

- ofl the charging current..
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When an electrolytic rectifier is used in the
charging eirenit, the maximun charging

- voltage that mey be delivered to the battery

is determined by the breakdown voltagre of
the electrolytic fiin on the filming electrole.
For example, the breakdown voltage of the
fiim on an aluminum electrode is alout 185
volts and that on a tantalum electrode is
about 83 volts. When a tantalum-lead-sul-
furic-acid rectifier is nsed and the charging
voltage exceeds the breakdown voltage of the
film on the tantalum clectrode, two or more
of «uch rectifiers are desirably connected in

Jes in thie charging eircuit, thus avoiding
Thmitation of the single film.

Furthermore, under conditions which
make it desirably to rectify both halves of the
alternating current wave, pairs of electrolytic
rectifiers may be connected in series-parallel
circuit with the alternating current supply
and the battery to be charged, the voltagze of
the latter being such that its counter I2, M. F.
when fully charged will antomatically sub-
stantially cut off the charging current, or at
any rate, reduce such charging current to a
small fraction of the value of the charging
current when the battery is in a partially
charged condition.

As dingrammatically illustrated in Fig. 2,
four aluminum-carbon or other type electro-
Iytie rectifiers are conneeted in cirenit be-
tereoy the alternating corrent supndy Hine and
the battery €4 he charzed. The rectifiers Ra,
P4 opnd el B7 2pe Tridaad 3n pairs und in
opposed relation across the alternating cur-
rent supply line, and the leads o, y from
points Letween the pairs of rectiliers may be
counected directly to a battery to be charged

stroys the operating ve-tifier.
reetifer diselesed has the important advan-

3

or through the switch S to the B-battery in
the tube circuit shown. ‘Where a battery of
abeut 16D voit< is to e chiarged from the
usuzal 110 volt . C. line, the transformer Tr
may be omitted and the alternating currcnt
lize may Le directly conneeted through a
switch = and a series resistance I to the ree-
tifier circuit shown. . Where the battery volt-
age Breopsidernbiy higher or lower than the
voltage of the alternating current supply
line, a step-up or step-down transformer of .
appropriaie ratio will be employed as indi-
cated, wound as already explained, so that
the counter E. M, F. of the battery, when
fully charged by the such charging arrange- .,
meizt, will automatically substantially cut off
tie charring cuwrrent,—at any rate such
charging current will be reduced to a small

w

Araction of what the charging current would

be when the Lattery is in a partially charged . ;
condition, thereby eliminating the necessity
of disconnecting the battery from the charg-
ing cireuit. aud avoiding the need of discon-
neetings the rectifier means from the supply
line. Since overcharging the storage B-bat- ¢,
tery is practically avoided by this charging
method. decided advantages and economy
are efiectesd in the operation of the B-battery;
¢ g., peruzidation of the positive storage bat-
tery grids is prevented and it is not necessary
to sdd waler to the electroyte as often as
w.ual,  Since the battery is not allowed to
coempletely discharge or stand idle without
current applied, sulfating is prevented. The
battery. charged according to the present
method, thus veguires less attention and gives
a longer life: and, better performance than
ordinarily. 4. .
In the cirenit’ arrangement illustrated in
Fig. 2. the switch Sw may be kept closed and ¢,
the alternating current supply linemaybeleft
corneeted te the rectifiers while the B-hattery~
is disconnected from the rectifiers and in serv-
ice, It iz then only necessary to close the
switch S onto th2 contacts 18, 19 tc begin re-
charging the batterv. By leaving the alter-
nating current supply connected to the recti-
fiers, the rectifving films of the latfer are
nrintained-in better eondition while the ree-
tifier means is idle. Frequently, afier a pe-

1iv

_ried cf idlene s, when two or more chemical

rertifiers of the wna] type ave conneeted in
series in a charging circuit, one rectifier tends
to form more r:pidly than the other and then
carries the greater part of the load, which o
cauges sparking at the {ilm and rapidly de-
The four-cell

taze that it may b ased to successfully charge

2 higher veitnge Lattery, sueh as a 43 cell B-
Perttery GHpecidy Tremoa 110 volt alternating
current Ene, with out breaking down the ree-
tifying filnis: the connections asshown in Fig.

2 Leivgr=uch that the filias of all vrectifiers will
antonmiiealiverar forraed when the latterare -, |
left connected to the alternating current sup-

3
i

4
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ly, and any of the films will at once re-form

if it has deteriorated during a long period of
idleness.

In some cases during service or non-charg~

ingr perjods, it may be desirable to shut off
the aliernating current and disconnect the

battery from the rectifier: or the alterating
current may be <hut off when the baitery is
being discharged and left connected to the
rectifier.  Other changes may be made in the
arrangements disclosed, without departing
from the scope of the invention as defined
the n‘wpondo claims.
X claim: :

prising a filament and a plate, means for elee-
trically heating said filament, a rechargeable
B-battery in circuit with said plate, charging
teans for <aid R-hattery. and means oper-
able to close the BDattery charging eircuit
only- after first interrupting such filament
heating means. _

2. The combhination of a detector or ampli-

“fier tube comiprising a filament and a plate, an

A-battery in eirenit with said filament, a re-
chargeable D-battery in cirenit with said
plate, charging means for said B-battery, and
switch means operalile to close the B-hattery
charging circuit only after first interrupting
snch A-batterv-filament eircuit. ,
3. The combination of a vacuum tube com-
wising a filament and a plate, an A-battery
n circuit with said filament, a rechargeable
B-battery in circuit with said plate, charging
means for said B-battery, nm} switch means
operable to first open the A-battery-filament
and B-battery-plate circuits and then close

the B-battery-charging circuit, and vice

versa.

4. The combination of a vacuum tube com-
prising a filament and a plate; an A-battery
of relatively low voltage in cirenit with said
filameni: a rechargeable B-hLattery of sub-
stantially higher voltage than said A-battery
in cirenit with said plate; charging means for
said B-battery comprising a source of alter-
nating current of materially higher voltage
than satd A-battery and rectifying means in
cirenit with said source of current and said
B-battery and arranged to supply charging
current to the latter, said charging current
having subztantially the same voltage as said
B-battery when the latter is substantially
fully charged: and means operable to close
the B-battery charging circunit only after first

_interrupting such A-battery-filament circuit.

GO

5. The combination of a vacuum tube com-
prising a filament and a plate: means far elec-
trically heatine sqid filament ; a rechargeable
B-Lattery in eirenit with said plate: charg-

1,823,780 -
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having substantially the same voltage as said
B-battery when the latter is substantially
fully charged whereby the counter E. M. F.
of such charged B-battery substantially shuts
off the charging current auntomatically when

said B-battery is fully charged without elee- *

trical disconnection of said alternating cur-

rent from suid rectifier; and means operable

{o cloze thé B-battery charging circuit only

after first opening the circuit including sac

filiment and heating means. )

. In testimony whereof. I affix my signature.
RAYMOXND C. BENXER.

1. The combination of a vacuum tube com~ .~

i
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-~ ing means for said B-battery comprizsing a

G5

source of alternating current of materially

higher veltage than such electrical heating:

means and a rectifier adapted to reetify such
alternating current, such charging current
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